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ABSTRACT 

(Secret) 


On  a  FMR  Atlas  test  the  launch  site  and  up  to  ^0  km  altitude  was 
Illuminated  "by  second  hop  energy  radiated  from  the  Madre  radar.  Weeik 
missile  plus  exhaust  boundary  echoes  were  obtained  while  the  missile 
was  at  low  altitudes.  Analysis  of  the  returns  shows  the  character 
to  be  typical  of  exhaust  boundary  reflections  with  promise  of 
extractable  doppler  information. 


PROBLEM  STATUS 

This  is  an  interim  report  on  one  phase  of  the  problem;  work  is 
continuing  on  this  and  other  phases. 
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MADRE  EVALUATION  IV 
(UNCLASSIFIED  TITLE) 


A  LOW  ALTITUDE  ATLAS  EETBCTIOK  AT  LONG  RANGE 

(SECRET) 


INTROCUCnON 

The  Madre  !IF  Radar  Project  is  intended  to  demonstrate  the 
possibility  of  over-the-hoidzon  detection  and  track  parameter  determi¬ 
nation  of  aircraft  and  missiles.  Some  idea  of  the  early  lines  of 
development  that  led  to  the  present  research  system  can  be  obtained 
from  NRL  Secret  Report  5023  (by  F,  E.  Wyman  and  E.  N.  Settle,  titled 
"Magnetic  Drum  Storage  Crosscorrelation  Radar,"  and  dated  l4  Nov,  1957)* 

A  description  of  the  Madre  installation  at  the  NRL  CBA  site  has  been 
given  in  short  summary  form  in  NRL  Secret  Memorandum  Reports  1251  and 
1287  (each  titled  "Madre  Evaluation"  and  dated  respectively  1  Dec.  I961 
and  2  Jan.  19^2).  In  brief,  the  Madre  radar  is  a  coherent  doppler 
research  system  of  considerable  flexibility  and  under  continuous 
development.  It  has  the  following  basic  attributes: 

1.  Up  to  100  KW  average  power  generation  (10  -  27  me). 

2.  A  23  to  17  db  (27  to  13.5  me)  ga:..n  over  an  isotrope  slewable 
antenna  viewing  the  North  Atlantic. 

3.  A  16  to  11  db  (27  to  13*5  me)  gain  over  an  isotrope  emtexina 
rotatable  to  any  bearing. 

4.  Receiver  clutter  rejection  filters  matched  to  the  usual  ground 
backscatter. 

5.  Sampling  emd  packing  of  received  signals  (time  compression  of 
83,000  to  one)  with  the  prior  20  seconds  of  signal  lnforr:atlon  available 
In  each  I/I80  second. 

6.  Doppler  versus  range  signal  processing  and  display  (I/3  cps 
filters  matched  to  constant  velocity  targets). 

7.  Magnetic  tape  storage  of  the  clutter  filtered  received  signals 
and  several  techniques  of  after  the  fact  analysis. 

BACKGROUND 

The  use  of  the  equipment  herein  described  has  disclosed  severed 
capabilities  of  such  a  system  and  the  following  are  listed: 

1.  ICBf-*.  Induced  ionospheric  flutter  can  le  detected  with  good 
certainty,  even  with  low  radiated  power  (one  -rw  average)  for  ATIR  launches. 

2.  Using  ionospheric  refraction,  missile  exhaust  boundary  reflections 
can  be  obtained  such  that  rough  track  parameter  determinations  are  possible. 
~or  AMR  launches  the  lowest  edtitude  of  detection  so  far  has  been  about 

70  kilometers. 
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3.  On  AMR  laimches,  missile  skin  tracks  can  be  obtained  above  the 
horizon  and  fragnentary  skin  echoes  have  been  obtained  over  the  horizon. 

If  the  missile  is  under  thrust  the  large  exhaust  boundary  echoes  tend 
to  hide  the  skin  at  ionosphere  altitudes. 

4.  Aircraft  on  transatlantic  flints  have  been  detected  and  tracked 
via  an  ionospheric  path  at  ranges  from  U90  to  I8OO  nautical  miles. 

Round-the-world  signals  have  been  circulated  on  east-vest  paths 
at  all  times  of  the  day  with  received  levels  high  enough  for  spectrum 
analysis. 

The  success  with  over-the-horizon  aircraft  tracking  and  with  above- 
the-horlzon  missile  tracking  Indicate  that  missile  laimches  should  be 
detectable  starting  at  very  low  altitudes.  The  lover  frequency  limitation 
of  the  Madre  rotatable  antenna  has  prevented  illumination  of  the  AMR  laimch 
site  at  any  time  that  a  large  missile  has  been  fired  and  so  the  low  level 
skin  tracking  possibilities  have  yet  to  be  demonstrated.  During  the 
approaching  sionmer  propagation  via  the  E-layer  may  afford  AMR  launch  site 
illumination. 

Missiles  fired  from  Rffi  would  appeeu*  to  offer  em  oi>port\mlty  for 
low  altitude  track  study.  During  nine  PMR  launches,  attempts  have  been 
made  to  obtain  missile  and  exhaust  reflections.  Four  of  these  vere  Atlas 
missiles  and  the  rest  were  Discoverers.  In  the  case  of  only  one  firing 
was  the  radar  mode  of  use  sufficiently  well  matched  to  existing  propagation 
conditions  for  even  fair  two-hop  illumination  of  the  laxmeh  site.  Such 
a  shoving  needs  a  little  explanation.  On  four  observations  efforts  vere 
aimed  at  obtaining  one  ionospheric  hop  Illumination  or  coverage  right 
after  the  first  grovmd  reflection.  Getting  appreciable  energy  transmitted 
through  the  region  of  the  predicted  missile  path  proved  to  be  difficult 
and  was  never  achieved  at  the  time  of  a  missile  firing.  On  the  other  PMR 
observations  an  operating  frequency  was  selected  such  that  the  launch  site 
and  beyond  was  llluralnated  by  energy  descending  from  the  second  ionospheric 
bounce.  Although  this  oi)eratlng  condition  was  achievable,  it  was  still 
obtained  at  launch  time  in  only  one  case  and  in  this  hardly  optimum.  Most 
PMR  firings  occur  at  a  time  when  the  propagation  path  from  NRL  is  changing 
rapidly;  PMR  countdowns  frequently  include  holds  of  unspecified  length 
near  Tq)  and  the  Madre  complex  of  components  is  not  designed  for  really 
quick  frequency  change.  Thus  the  failures  In  securing  desired  illinnination 
are  not  due  to  any  inherent  liinitatlon;  however,  they  emploasize  the  need 
for  instemt  frequency  flexibility  when  a  ceartaln  area  is  to  be  covered. 

PMR  355201  OBSE!r;ATIONS 

On  February  28,  1962,  an  Atlas-E,  R-IR  Test  355201,  was  launched  at 
7:14:09  EST  (00:lU:09  Zulu).  100  KW  average  power  was  radiated  to  the  west 
by  the  Madre  radar  at  a  90  pps  rate,  700  us  pulse  length,  on  I8.O36  me. 
Figures  1  and  2  give  earth's  backscatter  amplitude  versus  range  at  30 
minutes  prior  to  and  6  minutes  after  launch.  These  were  obtained  by 
reducing  the  repetition  rate  to  22-1/2  pps  and  thus  the  displayed  range  is 
O-360O  n.ra.  The  backscatter  maxlnum  levels  averaged  at  3  peak  to  peak 
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Fig.  1  -  Backscatter  amplitude  at  a  500  kc  I-F  on  the  vertical 
versus  slant  range  in  nautical  miles  on  the  horizontal.  Time 
of  picture  is  about  thirty  minutes  prior  to  launch. 


Fig.  2  -  Backscatter  amplitude  at  a  500  kc  I-F  on  the  vertical 
versus  slant  range  in  nautical  miles  on  the  horizontal.  This 
picture  was  taken  five  minutes  after  launch. 
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for  1  hop  and  1  mv  peak  to  peak  for  2  hop  at  the  receiver  input  (50  ohm 
inqptedance  level).  Figure  3  sketches  the  estimated  limiting  paths  hy 
which  the  higher  level  2  hop  backscatter  vas  received.  This  assay  of  the 
situation  indicates  that  good  illumixiation  of  the  missile  track  runs 
from  0  to  50  in  altitude.  In  order  to  eliminate  nearby  aircraft  and 
meteor  tredl  returns  the  receiver  vas  gated  on  for  only  even  multiples 
of  U50  n.m.  Considering  the  propagation  path  this  means  that  any  targets 
detected  come  frcHn  slant  ranges  greater  than  1330  n.m.  with  the  exception 
of  meteor  trails  that  are  seen  direct  at  around  500  n.m.  The  open  gate 
intervals  are  indicated  in  Figure  3* 

In  Figure  U  a  sequ^ce  of  Madre  displays  are  plotvu:ed.  Time  after 
launch  is  given  on  a  counter  located  at  the  bottom  of  each  picture; 
time  is  in  the  form  of  hours^  minutes,  and  seconds.  The  90  pps 
repetition  rate  allows  45  cps  of  resolvable  doppler.  This  doppler  is 
on  the  vertical  ordinate  and  is  scaled  in  cycles  per  second  on  the  left 
of  each  picture.  The  450  n.m.  length  of  the  displayed  range  interval 
is  scaled  across  the  bottcmi  horizontal  ordinate.  Thus  actual  slant 
ranges  will  be  the  indicated  distances  from  zero  added  to  450,  1330>  2250, 
etc.  In  all  the  pictured  displays  meteor  trail  retvims  may  be  seen  from 
0  to  50  on  the  abscissa  and  smeared  out  around  12  on  the  ordinate.  Where 
these  meteor  returns  extend  or  repeat  at  much  higher  dopplers,  they  eure 
tiannonlcs  generated  where  the  signal  level  exceeds  the  linear  range  of 
the  processing  system.  The  meteor  trail  returns  are  from  distances  of 
about  450f50  or  500  n.m.  Some  aircraft  returns  are  in  evidence  in  most 

pictures  and  they  show  a  fading  character.  One  aircraft  return  can  be 

noted  at  T+9  sec  and  coordinates  225,  10:  It  fades  but  is  quite  strong 

again  at  T+2  min  22  sec  and  coordinates  200,  10.  This  is  considered  to  be 

an  aircraft  at  1350+200  or  1550  n.m,  slant  range  with  a  relative  doppler 
of  about  10  cps.  At  the  times  of  these  pictures  a  0.3  peak  to  peedi 
target  signal  at  the  receiver  terminals  was  discemable  on  the  display. 

The  first  missile  associated  rettims  can  be  seen  at  T+39  s®c  and 
are  manifested  by  the  faint  vertical  trace  that  runs  frcHn  coordinates 
24o,  35  to  240,  45.  The  picture  falls  to  reproduce  some  of  the  signal, 
which  at  the  time  was  noted  to  run  down  to  nearly  zero  doppler.  Remnants 
of  tills  return  are  visible  at  T*-43  seconds  but  it  is  fading.  At  T+1 
minute  I5  seconds  the  missile  associated  returns  reappear  running  from 
24o,  5  to  24o,  45  and  continuing  until  they  fade  at  T+2  minutes  7  seconds. 
(Actual  slant  range  2250+240  =  2490  n.m.)  Identification  of  these  echoes 
as  missile  associated  returns  is  based  on  the  diffuse  doppler  filling  the 
45  cps  available  at  one  very  discrete  range;  these  are  the  characteristics 
of  echoes  from  a  .missile  exhaust  boundary  euid  in  NRL  experience  au*e  not 
associated  with  natural  phenomena. 

The  zero  frequency,  clutter  filtered,  IP  recording  was  repeatedly 
replayed  aixi  by  knowing  at  what  time  and  range  to  look  the  missile  echoes 
could  be  identified.  At  their  strongest  the  echoes  were  measvired  as 
having  about  1  uv  peak  to  peak  amplitude  at  the  receiver  terminals. 
Assuming  no  absorption  or  reflection  loss,  this  indicates  a  radar  cross 
section  of  about  2500  square  meters.  The  range  was  quite  discrete. 
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Fig.  4  -  Pictures  of  the  Madre  display  taken  after  missile  launch. 
Times  are  given  in  the  form  of  hours,  minutes,  and  seconds.  The 
vertical  ordinate  has  45  cps  available  for  target  doppler.  The 
horizontal  ordinate  gives  a  450  naut.  mi.  range  interval. 
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Fig.  5  -  An  intensity  and  doppler  frequency  versus  time  plot 
of  the  range  gated,  zero  frequency  I-F.  Time  after  launch 
(accuracy  i2  seconds)  is  given  in  seconds  along  the  horizon¬ 
tal.  Frequency  in  cycles  per  second  is  given  on  the  vertical. 
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A  BUTOV  30  &*m.  range  gate  was  placed  on  the  echo  range  and  an  intenaity 
and  frequency  versus  time  spectrum  analysis  performed.  This  analysis  is 
ft  von  in  Figure  5  starting  at  T-?0  seconds  and  running  through  T4-160. 
Frequencies  displayed  run  from  15  to  90  eps.  Target  dqpplers  reed  direct 
from  sero  frequency  and  as  90  cps  minus  the  doppler  frequency  vith  the 
fold  point  at  cpsj  thus  the  undeslred  pover  line  60  cps  appears  as 
lines  at  30  and  60  cps.  The  aircraft  echoes  that  fall  in  the  analysis 
gate  and  iddch  can  be  noted  to  fall  between  10  and  15  cps  doppler  on 
the  Madre  display  (Figure  k)  can  be  seen  between  90-10  and  90-15  cps. 

The  highest  level  missile  echoes  can  be  seen  to  come  in  from  T+2d  to 
T*kO,  T+70  to  T*d2  and  T-f95  to  T-t-UO.  The  ambient  noise  level  is 
Illustrated  for  times  prior  to  zero  and  after  T-flSO.  The  signals  are 
not  much  hi^er  than  the  noise,  ax)d  they  fill  the  available  45  cps 
doppler  in  the  manner  characteristic  of  exhaust  boundary  echoes.  In 
Figure  6  the  data  of  Figure  5  is  presented  in  slightly  different  form. 

The  spectrum  analyzer  has  been  allowed  to  scan  on  through  I80  cps  and 
the  frequency  scale  conqnressed.  The  redtmdancy  of  Infonoatlon  has  been 
doubled  as  this  aids  in  noting  the  frequency  structure  in  the  signature. 

If  one  will  look  down  the  time  axis  so  that  the  line  of  vision  intercepts 
the  paper  at  a  small  angle,  some  of  this  structure  becomes  apparent. 

For  exaiBple,  between  T4IO5  and  T-»-110  an  intensification  around  a  changing 
velocity  line  is  seen.  It  would  have  been  interesting  to  check  this 
velocity  curve  with  the  eiqpected  missile  relative  velocity,  however, 
detailed  and  accurate  missile  track  data  were  not  available. 

NATURE  OF  THE  EXHAUST 

The  Naval  Research  Laboratory  has  extensively  studied  rocket 
exhaust  loxilzatlon  and  growth  as  a  function  of  altitude  using  small 
scaled  versions  of  large  engines  operating  in  a  controlled  low  pressure 
chamber.  For  example,  see  NRL  Confidential  Report  I«d66,  by  J.  L.  Abeam, 
et  al,  titled  "Interaction  Between  Electromagnetic  Waves  and  Flames, 

Part  3f  Absorption  Loss  Through  Rocket  Exhausts  as  a  Function  of  Altitude," 
and  dated  May  1,  1957*  Scaled  models  of  the  Atlas  engines  with  appropriate 
fuel  and  oxidizer  have  been  extensively  operated  and  studied  at  simulated 
altitudes  up  to  50  kilometers  and  the  following  statanents  can  be  made: 

1.  At  the  engine's  exit  plane  the  fraction  ionized  is  quite  small. 

The  ionization  density  rune  from  10^®  to  lO^**  electrons  per  cc  for 
currently  employed  propellants. 

2.  The  ionized  portion  of  the  exhaust  closely  coincides  with  the 
visible  exhaust.  The  boundary  is  sharp  and  the  gradient  steep. 

3.  Belov  50  KM,  ionization  down  the  visible  exhaust  Increases  due 
to  afterburning.  This  includes  the  fuel  reaction  both  vith  incooqdLetely 
used  propellant  ojqrgen  and  with  atmospheric  oiqygen. 

4.  The  exhaust  ionization  has  a  random  variation  with  time  containing 
frequencies  up  to  several  kilocycles. 
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In  Figure  7  a  very  approximate  plot  of  Atlas  exhaust  ionization  density 
versus  altitude  is  drawn  based  upon  NRL  experience  up  to  50  kilometers 
and  extrapolated  to  higher  altitudes.  An  estimate  of  ambient  Ionization 
density  Is  sketched.  In  Figure  8,  exhaust  approximate  dimensions  for 
an  Atlas  engine  are  given  versus  altitude  based  on  observations  up  to 
50  kilometers  and  extrapolated  to  higher  altitudes  by  using  a  simple 
expansion  theory.  Considering  the  sharp  ionization  boundary  it  seems 
reasonable  to  expect  the  exhaust  to  materially  add  to  the  HF  radar 
reflecting  area  at  50  kilometers.  By  taking  the  product  of  the  diameter 
aM  length  as  given  in  Figure  8,  a  cross  section  of  27^000  square  meters 
is  obtained. 

DISCUSSION 

The  missile  exhaust  echoes  displayed  here  are  not  as  spectacular  as 
some  from  AMR;  It  is  unfortunate  that  the  missile  track  was  not  well 
iUxanlnated  In  the  E  and  F  regions  so  that  some  leurge  cross  section 
cotLLd  have  been  demonstrated,  fibwever,  it  is  very  encouraging  that  skin 
plus  exhaust  returns  can  be  obtained  at  altitudes  below  50  kiloraeters 
and  at  long  distances  and  that  these  returns  exhibit  evidence  of  having 
extractable  doppler  information.  Tha.t  the  echo  magnitudes  come  within 
an  order  of  magnitude  of  that  predicted  is  good  agreement  considering  all 
of  the  Indeterminacles. 

The  velocity  gate  form  of  the  Madre  analysis  and  display  was  not 
primarily  designed  for  detection  of  missiles.  However,  its  presentation 
of  target  frequency  spectrum  versus  range  affords  an  excellent  means  for 
detecting  and  recognizing  missile  exhaust  echoes.  Some  other  form  of 
display  such  as  acceleration  gates,  tracking  filters  or  frequency  time 
is  desirable  for  extracting  fast  changing  doppler  information.  Two  of 
these  facilities  are  to  be  euided  to  the  Madre  complex  in  the  near  future. 
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Fig.  7  -  Ambient  and  Atlas  exhaust  ionization 
density  approximations  versus  altitude 
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Fig.  8  -  Approximate  dimensions  of  the  region  of  exhaust 
ionization  for  an  Atlas  engine  versus  altitude 
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Director  of  Defense  (R&E),  Dept,  of  Defense,  Wash.  25,  D.  C. 

Attn:  Air  Defense  25-26 

CO,  USNATC,  Patuxent  River  NAS,  Patuxent  River,  Md. 

Attn:  Mr.  D.  Decker  27 

CO,  USNOL,  Corona,  Calif, 

Attn:  Mr.  V.  Hildebrand  28 

CDR,  Naval  Missile  Center,  Point  Mugu,  Calif. 

Attn:  Technical  Library,  Code  NO3022  29-30 

CO,  US  Army  Signal  Radio  Propagation  Agency,  Ft.  Monmouth,  N.  J. 

Attn:  SIGRP-A  31 

CDR,  Army  Rocket  &  Guided  Missile  Agency,  Huntsville,  Alabama  32 
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CG,  Picatinny  Arsenal,  Technical  Research  Section  AAWL, 

Dover,  New  Jersey 

Attn:  Dr.  Davis  33 

Office,  Director  of  Defense  (R&E),  Office  of  Electronics, 

Rm.  301033,  The  Pentagon 

Attn:  Mr.  J.  J.  Donovan  34 


CO,  US  Army  Signal  Electronic  Research  Unit,  P.  O.  Box  205, 

Mountain  View,  Calif.  35 

Office,  Chief  of  Ordnance,  Dept,  of  the  Army,  Wash.  25,  D.  C. 

Attn:  ORDTX  -  Dr.  C.  M.  Hudson  36 


Hdqs.,  USAF,  Office  Asst.  Chief  of  Staff,  Wash.  25,  D.  C. 

Attn:  MAJ  A.  T.  Miller  37 

Hdqs.,  AFCRLabs,  Hanscom  Field,  Bedford,  Mass. 

Attn:  CRRK,  Dr.  Philip  Newman  38 

CRRl,  Mr.  William  F.  Ring  39 

CDR,  RAEXZ!,  Griffiss  AFB,  New  York 

Attn:  RALTT,  Mr.  F.  Bradley  40 

RCLTS,  Mr.  T.  Maggio  41 

CDR,  Air  Technical  Intelligence  Center,  USAF,  Wright- Patterson 
AFB,  Ohio 

Attn:  Dr.  P.  J.  Overbo  42 

Mr.  Goff  43 

Hdqs.,  USAF,  Dept,  of  the  Air  Force,  Office  for  Atomic  Energy 

DCS/O,  Washington  25,  D,  C.  44 

Hdqs.,  USAF,  Washington  25,  D.  C. 

Attn:  AFDRD-GW  45 


CDR,  Air  Force  Office  of  Scientific  Research,  Wash.  25,  D.  C. 

Attn:  Code  SRY  46 


Hdqs.,  Offutt  AFB,  Nebraska 

Attn:  Strategic  Air  Command  47 

CDR,  Air  Force  Ballistic  Missile  Div.,  Air  Force  Unit  Post  Office, 

Los  Angeles  45,  Calif.  48 

Hdqs.,  North  American  Air  Defense  Command,  Ent  AFB, 

Colorado  Springs,  Colo. 

Attn:  NELC  (Advanced  Projects  Group)  49 

Dir.  of  Communication.^  and  Electronics,  Ent  AFB, 

Colorado  Springs,  Colo. 

Attn:  ADOAC-DL,  ADC  50 
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Elec tro-I^y sics  Labs.,  ACF  Electronics  Div.,  3355  -  52nd  Ave., 

Hyattsville,  Md. 

Attn:  Mr.  W.  T.  Whelan  51 

Stanford  Electronics  Lab.,  Stanford  Univ.,  Stanford,  Calif, 

Attn:  Dr.  O.  G.  Villard  52 

Raytheon  Mfg.  Co.,  Wayland  Laboratory,  Waltham,  Mass. 

Attn:  Mr.  D.  A.  Hedlund  53 

General  Electric  Co.,  Court  St.,  Syracuse,  N.  Y. 

Attn:  Dr.  G.  H.  Millman  54 

Lockheed  Aircraft  Corp.,  Calif.  Div.,  Burbank,  Calif. 

Attn:  Mr.  R.  A.  Bailey  55 

Pilotless  Aircraft  Div,,  Boeing  Airplane  Co.,  Seattle  24,  Wash. 

Aitn:  Mr.  F.  S.  Holman  56 

The  Martin  Co.,  Baltimore  3,  Md. 

Attn:  Dr.  D,  M.  Sukhia  57 

Radio  Corp.  of  America,  Aerospace  Comm,  and  Controls  Div,, 

Burlington,  Mass. 

Attn:  Mr.  J.  Robinovitz  58 

MIT,  Lincoln  Labs.,  Box  73,  Lexington  73,  Mass. 

Attn:  Dr.  J.  H.  Chisholm  (Radio  Prop.  Group)  59 

Mr.  Melvin  Stone  60 

The  Pennsylvania  State  Univ,,  University  Park,  Penna. 

Attn:  Mr.  H.  D.  Rix  61 

The  Rand  Corp.,  1700  Main  St.,  Santa  Monica,  Calif. 

AUn:  Dr.  Cullen  Crain  62 

Bendix  Systems  Div,,  The  Bendix  Corp.,  3300  Plymouth  Road, 

Ann  Arbor,  Mich. 

Attn:  Mr.  C.  M.  Shaar  (Assoc.  Dir.  of  Engineering)  63 

Smyth  Research  Associates,  3555  Aero  Court,  San  Diego  11,  Calif. 

Attn:  Mr.  Steven  Weisbrod  64 

CO,  Scientific  Liaison  &  Advisory  Group,  Rm.  1B657, 

The  Pentagon,  Wash.  25,  D.  C. 

Attn:  Mr.  A.  H.  Frost  65-66 

Cunvair  Div.  of  General  Dynamics,  3165  Pacific  Coast  Highway, 

San  Diego  12,  Calif. 

Attn:  Dr.  Bond  67 
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Stanford  Research  Institute,  Menlo  Paric,  Calif. 

Attn:  Mr.  L.  T.  Dolphin,  Jr.  68-89 

Thompson  Ramo-Wooldridge,  Inc.,  Box  90534  Airport  Station, 

Los  Angeles,  Calif. 

Attn:  Technical  Information  Services  70 

APL/JHU,  8621  Georgia  Ave.,  Silver  Spring,  Md. 

Attn:  Mr.  G.  L.  Seielstad  (NavOrd  7386)  71 

Chief,  Army  Security  Agency,  Arlington  Hall  Station, 

Arlington  12,  Va.  72 

CDR,  Air  Force  Systems  Command,  USAF,  ASD,  Wright-Patterson 
Air  Force  Base,  Ohio 

Attn:  ASNDCE,  Mr.  Wm.  A.  Dynes  73 

Airborne  Instruments  Laboratory,  Melville,  Long  Island,  New  York 

Attn:  ESRDT,  MAJ  Henry  Jones  74 

Analytic  Services,  Inc.,  5202  Leesburg  Pike,  Alexandria,  Va. 

Attn:  Mr.  Ray  Timm  75 

CDR,  Ent  AFB,  Colorado 

Attn:  LtCol  M.  R.  Gripe,  Hqs.  NORAD,  NPSD-R  76 

Hdqs.,  USAF,  Washington  25,  D.  C. 

Attn:  LtCol  R.  M.  Cosel,  AFDRT  77 

Dir.,  National  Security  Agency,  Fort  George  G.  Meade,  Md. 

Attn:  C-3141  78 

Westinghouse  Electric  Corp.,  Defense  Center-Baltimore, 

Technical  Information  Center,  P.  O.  Box  1693,  Baltimore,  Md.  79 

Institute  of  Science  &  Technology,  The  Univ.  of  Michigan, 

P.  O.  Box  618,  Ann  Arbor,  Mich. 

Attn:  BAMIRAC-ad  80 

Systems  Branch,  US  Army  Scientific  Liaison  &  Advisory  Group, 

P.  O.  Box  7157  Apex  Station,  Wash.  4,  D.  C. 

Attn:  Mr.  Richard  A.  Krueger  81 

Aero  Geo  Astro  Corp.,  P.  O.  Box  1082,  Edsall  &  Llncolnia  Roads, 

Alexandria,  Va.  82 

Director,  DASA  Data  Center,  P.  O.  Drawer  QQ,  Santa  Barbara,  Calif.  83 

ASTIA,  Arlington,  Va. 

Attn;  TIPDR  84-93 
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MEMDRANDCIM 


20  February  1997 


Sub  j  ; 
Ref  : 


Enel : 


Document  Declassification 

(1)  Code  5309  tferorandum  of  29  Jan.  1997 

(2)  Distribution  Statements  for  Technical  Publications 
NRL/PU/5230-95-293 

(a)  Code  5309  Ifemorandum  of  29  Jan.  1997 

(b)  List  of  old  Code  5320  Reports 

(c)  List  of  old  Code  5320  I-femorandum  Reports 


1.  In  Enclosure  (a)  it  was  recettmended  that  the  follo^ring  reports  be  declassified, 
four  reports  have  been  added  to  the  original  list: 

y  /  /  /  J  J  /  /  J  ^ 

Fonral:  5589,y5811,  5824,  5825^5849,,  5862'  5875,  5881,  ,  5903,/ 5962  ,,6015,  ,  6079,  , 

6148,  6198!^  6272,^  6371,''  647 6, *^47 9?  648566507,^6508,"^ 6568/  659(y  6611,  6731,  6866,''^ 
7044,'  7051,  7059,  7350,'  7428,'  7500,*^ leSS,*' 7655.''  Add  7684,  7692. 

/  /  </  /  f  -  J  J  /  /  \/  </ 

Mstg/  j  1251, ,  1287, y  1316,''  1422,  l»yl500,  1527  ,/1537,,  1540^567  1637,  1647,  , 

1727,  1758,,  1787 ,yl789,yl790,»' 1811:;'  1817,^  1823 ^1885 f  1939,*' 1981;  2135;  2624,^2701,'^ 
2645,’'  2721:  1122f  llTh,  Add  2265/2715.*' 


The  recatmended  distribution  statement  for  the  these  reports  is; 

public  release;  distribution  is  unlimited. 


J^roved  for 


2.  The  above  reports  are  included  in  the  listings  of  enclosures  (b)  and  (c)  and 
were  selected  because  of  familiarity  with  the  contents.  The  rest  of  these  documents 
very  likely  should  receive  the  same  treatment. 


code  5309 


Cepy: 

Code, 1221 

Code  5300 
Code  5320 
Code  5324 


<^<c 


